In vivo studies have shown that changes in the characteristics of skeletal muscle fiber are determined by type of exercise or training. These earlier studies on mechanical stimulation, however, have all employed stimulation applied at a constant intensity, and no studies appear to have investigated change with variation of intensity of stimulation. In this study, we investigated the characteristics and differentiation of myoblasts stretched at different rates. Myoblasts were stimulated at 3 different rates, and the numbers of cells and nuclei on days 1, 3, and 5 were compared. The myosin heavy chain (MyHC) mRNA expression level was also compared. We investigated expression of MyHC-perinatal to determine speed of differentiation of myoblasts, and expression of MyHC2b, 2d, and 2a to ascertain muscle cell characteristics. Counting cells and nuclei of myoblasts revealed clear promotion of differentiation with stretching. With rapid stretching, expression of MyHC-perinatal was high at first, but then showed a decrease. In terms of effect on muscle fiber characteristics, MyHC-2b, MyHC-2d, and MyHC-2a were high with rapid, medium, and slow stretching, respectively. This indicated that myoblast differentiation was promoted regardless of difference in stretching speed, with the myoblasts acquiring the muscle-fiber characteristics appropriate to each rate of stretching.
Exercise and training are known to bring about changes in the characteristics of skeletal muscle fibers (26, 27) . Numerous studies of the human (2, 3, 4, 12, 13, 17, 20, 24) have shown that skeletal muscle fiber characteristics change depending on the mode of exercise. Anaerobic exercise facilitates increases in fast-twitch muscle, while aerobic exercise facilitates increases in slow-twitch muscle. Studies using rats have reported that long-term low-intensity exercise increases slow-twitch muscle and decreases fast-twitch muscle (9, 15) . In this manner, in vivo studies in the rat and the human have shown that exercise changes muscle fiber characteristics. From the perspective of stress, severing a nerve controlling skeletal muscle not only decreases muscle weight, but also changes muscle fiber characteristics (7, 14) . Studies in which muscle blood flow was regulated using devices such as a tourniquet have shown that even low-intensity training caused marked muscle hypertrophy and increased muscle force (25) . However, few in vitro studies have been conducted to support and clarify these findings. In vitro studies have attempted to ascertain the effects of exercise and training by applying different stimuli. The first study (18) removed cells from rat hindlimb and soleus muscle and applied electrical stimuli via a culture solution to measure expression of myosin heavy chain (MyHC) isoforms. In the second study (11) , osteoblasts were compressed using glass boards to ascertain morphological and bio-cubation, proliferation and properties remain relatively stable (29) . Furthermore, differentiation of C2C12 cells is induced in media containing relatively low serum concentrations, such as serum-free media and media containing 2% horse serum (8) . Culture solution consisted of Dulbecco's modified Eagle's medium (Sigma-Aldrich, St. Louis, MO) containing 10% fetal bovine serum (FBS) (ICN Biomedicals, Ohio, USA) and penicillin (1000 units). Incubation was performed at 37°C under 5% CO 2 .
Wells with a diameter of 25 mm were coated with type-I collagen. Each well was then inoculated with 2 × 10 5 C2C12 cells and 2.0 mL culture solution containing 10% FBS. Culture medium containing 2% FBS was used after allowing cells to adhere to the membrane for 1 day. The cells were then stretched according to the method of Sakiyama et al. (21) .
Mechanical stretching. The cells were mechanically stretched with the Flexercell ® strain unit (Flexercell, Mckeesport, PA, USA). The stretch intensity was fixed to 15%, and the stretch rate was altered. The stretch rate was established using the stretch rate setting method of a Flexercell ® strain unit. Since Sakiyama et al. (21) performed an experiment at a stretch rate of 0.5/sec in a previous report, this condition was adopted as the standard. This rate represents the distance of membrane movement per second: 1/sec indicates that a membrane stretches from a stationary state then relaxes to return to the original state in 1 second. At 0.5/sec, stretching requires 1 second followed by relaxation requiring 1 second. Three stretch rates, 0.1, 0.5, and 0.9/sec (designated as slow, medium and rapid stretch, respectively), were used. Stretching at each rate was continued for 1, 3, or 5 days. In addition, mRNA expression and differentiation were analyzed at 1, 3 and 5 days after stretching. Fig. 1 shows the stretchchemical changes. Magnetic stimuli were applied to rat hindlimb muscle to compare mRNA expression with that of controls (22) . Furthermore, in the third study (21) , cells were stretched to determine changes in number of cell and nuclei and muscle fiber characteristics.
While some studies have analyzed morphological and biochemical changes, none appears to have investigated the effects of various stimulation intensities on muscle fiber differentiation and characteristics. Earlier in vivo studies have shown that training brings about changes in muscle characteristics. This in vitro study investigated the effects of different rates of stretching on muscle fiber differentiation and the characteristics of cultured myoblasts by microscope observation, cell count and cellular nuclei number and determination of mRNA expression in several MyHC isoforms. There are two ways to classify muscle contraction protein: according to stage of manifestation and contraction speed. Isoforms such as MyHC-perinatal is determined by the former method. Fast-twitch muscle contains MyHC2b, 2d, and 2a, and slow-type contains MyHC-1, as classified according to contraction speed. The functional roles of these four isoforms have been clarified. Therefore, the functions of muscles can be elucidated by determining the composition of these four isoforms (1, 5, 6, 10, 16, 19, 23, 28) (Table 1) . In this study, we examined MyHC-perinatal to determine speed of differentiation of myoblasts, and MyHC-2b, 2d, 2a and 1 to ascertain muscle cell characteristics.
MATERIALS AND METHODS
Cell culture. C2C12 murine skeletal muscle myoblasts were used. C2C12 cells are an established cell line originating from murine skeletal muscle, and can be subcultured. Even after large-volume in- Cell count and number of cellular nuclei. Morphological characteristics of cultured cells at each stage were observed using a phase-contrast microscope (Nikon, Tokyo, Japan). At each stage, cultured cells were immersed in trypsin-EDTA (Gibco BRL, Gland Island, NY) for 5 min. After detaching the cells, they were thoroughly soaked in culture solution, and number of cells was counted using a hemocytometer. Fused cells were counted as one. To ascertain the effects of stretching on cell fusion, the number of nuclei was counted in multinucleated muscle fibers. Detached cultured cells were stained using nuclear fast red (Funakoshi, Tokyo, Japan), washed using phosphate buffered saline, and then counted using the hemocytometer. We counted the number of cells and nuclei ten times.
mRNA expression analyses. In order to investigate the effects of mechanical stretching at the mRNA level, the LightCycler™ (Roche Molecular Biochemicals, Mannheim, Germany) was employed to quantify mRNA expression using the QuickPrep micro mRNA Purification Kit (Amersham Pharmacia Biotech UK Ltd., Buckingham, UK). After establishing optimal conditions for all primers, mRNA expression was quantified according to the standard LightCycler™ protocol. As a hot start PCR solution for the LightCycler™, adjusted LC FastStart DNA Mastar SYBR Green 1 (Roche Molecular Biochemicals) was used. To each dilution of the PCR mixture, we added 2 μL LC FastStart DNA Mastar SYBR Green 1 containing λDNA (5 pg/μL) and SYBR Green 1 (1/60,000 dilution), and 1.6 μL creasing on days 1, 3 and 5. There were no significant differences in the cell or nuclear count among the 3 stretch groups.
mRNA expression of myosin heavy chain subtype Expression of MyHC-perinatal mRNA on days 1 and 3 was significantly higher for the 0.5/sec and 0.9/ sec groups than for the other groups. On day 5, expression for the 0.5/sec and 0.9/sec groups showed a marked decrease, while that for the 0.1/sec group showed an increase significantly higher than that seen in the 0.5/sec or 0.9/sec groups. Few changes were seen on days 1, 3 and 5 in the controls (Fig. 5) . Expression of MyHC-2b mRNA was significantly higher in the 0.9/sec group than in the other groups throughout the experimental period. In the controls, little change was seen on days 1, 3 or 5 (Fig. 6) . Expression of MyHC-2d on days 1, 3 and 5 was significantly greater in the 0.5/sec group than in the other groups, and tended to increase with time ( Fig. 7) .
Expression of MyHC-2a mRNA on day 1 was significantly greater in the 0.1/sec and 0.5/sec groups than in the other 2 groups, but no significant difference was noted between the 0.1/sec and 0.5/ sec groups. On days 3 and 5, the expression was significantly higher in the 0.1/sec group than in the control, 0.5/sec or 0.9/sec groups, and expression of 0.1/sec group increased with time (Fig. 8) . Expres- Statistical comparisons were made using a oneway analysis of variance (ANOVA). Tukey's multiple comparison tests was used for further comparisons between occlusal areas (P < 0.05), using SPSS ® (SPSS Japan, INC., Tokyo, Japan).
RESULTS

Effect of stretching on morphological characteristics of cultured cells (Fig. 2)
On days 1 and 3, no significant difference was noted between the control group and the three stretch groups. On day 5, number of cells showed a significant increase in all three stretch groups in comparison with the control group. Cells were not arranged in the control group, but slightly arranged in the 3 stretch groups. No multinucleated cells were noted.
Effect of stretching on number of cells (Fig. 3) and nuclei (Fig. 4 ) First, number of cells was counted. In the control group, no major changes were noted from day 1 to day 3, but a significant increase was noted from day 3 and day 5. In the three stretch groups, although cell number tended to increase from day 1 to day 3, it showed little change from day 3 to day 5. Next, number of nuclei was counted. In the control group and three stretch groups, the nuclei continued in-sion of MyHC-1 on days 1, 3 and 5 was significantly greater in the 0.1/sec group than in the other groups (Fig. 9 ).
DISCUSSION
Effects of mechanical stretching on cultured cells
In the three stretch groups, although cell number showed little change from day 3 to day 5, number of myoblast nuclei was significantly greater in this study. This suggests that differentiation of myoblasts is promoted by stretching, that cell fusion becomes active, and that myoblasts differentiate to become myotube cells.
Changes in the composition of each MyHC isoform in mechanically-stretched cultured cells
MyHC-perinatal was investigated to clarify differences in myoblast differentiation. Expression of My-HC-perinatal was significantly increased on days 1 and 3 in the 0.5/sec and 0.9/sec stretch groups, and on day 5 in the 0.1/sec stretch group, compared to the control group, suggesting that stretch stimulation activated cell division and promoted cell proliferation. Expression of MyHC-perinatal was decreased on day 5 in the 0.5/sec and 0.9/sec stretch groups, suggesting that the cells had differentiated to myotube cells. These findings were consistent with the findings on the comparison of the cell and nuclear counts.
Expressions of MyHC-2b and MyHC-2a mRNA were determined to ascertain differences in muscle fiber characteristics. Expression of MyHC-2b (fastest contraction rate) was high with rapid stretching, while expressions of MyHC-2a and MyHC-1 (slow contraction rate) were high with slow stretching. In previous studies on continuous training, Andersen and Henriksson (2, 3) instructed 12 healthy individuals to exercise 30 min/day at 80% intensity using an ergometer for 4 and 8 weeks, and reported that numbers of type IIb fibers decreased, while numbers of type IIa fibers and type I fibers increased. These type IIa and I fibers are categories based on tissue staining, and type IIa, IIb, and I fibers correspond to MyHC-2a, -2b, and -1, respectively. Baumann et al. (4) also instructed subjects to exercise 30 min/day at 90% intensity using an ergometer for 5 and 8 weeks, and likewise reported that numbers of type IIb fibers decreased, while numbers of type IIa fibers and type I fibers increased. Similar studies have been conducted using rats. Lauginbuhl et al. (15) made rats run on a treadmill at 30 m/min for 5 min/ day over 5 days/week for 12 weeks, and reported that numbers of type IIa fibers and type I fibers increased, while numbers of type IIb fibers decreased. Green et al. (9) obtained similar results by making rats run 15 min/day for 15 weeks. As to changes in muscle fiber characteristics caused by sprint training, Jacobs et al. (13) instructed human subjects to train on a treadmill for 6 weeks and reported that numbers of slow-twitch fibers decreased, while In comparison to the control group, significant increases were noted in the 0.5/sec and 0.9/sec groups on days 1 and 3 and 0.1/sec groups on day 5. Fig. 3 Number of myoblasts at each stage (mean ± SD). Statistical analysis: *P < 0.05. It increased from day 3 to day 5 in the control group. On the other hand, it increased from day 1 to day 3 in the 3 stretch groups.
numbers of fast-twitch fibers increased. The present results for MyHC-2b, MyHC-2a, and MyHC-1 expressions support these earlier studies using humans and animals at the cellular level.
MyHC-2d is considered to be a flexible isoform. Among the 3 rates of stretching used in the present study, expression was high with 1-sec stretching. MyHC-2d is considered to be an isoform that can change to either MyHC-2a or MyHC-2b, and the present results showed that 0.5-sec stretching increased expression of MyHC-2b, while 5-sec stretching increased expression of MyHC-2a. The increased expression of MyHC-2d of 0.5/sec stretching suggests that cells in this state are ready to allow differentiation to either 2a or 2b.
The results of this in vitro experiment was clarified that stretch stimulation promoted cell differentiation regardless of the stretch rate. Also the characteristics of muscle fiber altered depending on type of stimulus. This suggests that muscle has the capability of responding to even small changes in its environment. 6 MyHC-2b mRNA expression in mechanically stretched myoblasts by day. Statistical analysis: *P < 0.05. The value was increased in the 0.9/sec stretch group throughout the period.
